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Significance & InnovationsNonsteroidal anti‐inflammatory drugs (NSAIDs) are a very common drug in rheumatology and have a variety of major toxicities associated with their use.We externally validated a previously developed risk prediction score for major NSAID toxicity using real‐world data.The NSAID risk score should be considered for routine clinical care.

Introduction {#acr211134-sec-0006}
============

Nonsteroidal anti‐inflammatory drugs (NSAIDs) are used by approximately 40% of patients with rheumatoid arthritis (RA) and represent one of the most commonly prescribed drug categories in the world ([1](#acr211134-bib-0001){ref-type="ref"}, [2](#acr211134-bib-0002){ref-type="ref"}). Although these agents are relatively safe, they have the potential for major toxicities; these include major adverse cardiovascular events, gastrointestinal bleeding, acute kidney injury, and death. Although these issues are not specific to NSAIDs, they are among the most concerning potential harms caused by these agents. These adverse events must be considered when discussing the potential benefits and risks of NSAIDs. Morbidity appears to have decreased since the widespread use of proton pump inhibitors ([3](#acr211134-bib-0003){ref-type="ref"}), but these toxicities are important to consider when prescribing NSAIDs.

In an attempt to personalize NSAID prescribing using clinical variables, we previously derived and validated a risk score for major NSAID toxicity using data from the Prospective Randomized Evaluation of Celecoxib Integrated Safety Versus Ibuprofen or Naproxen (PRECISION) trial, a large randomized controlled trial (RCT) that examined the safety of celecoxib, ibuprofen, and naproxen ([4](#acr211134-bib-0004){ref-type="ref"}, [5](#acr211134-bib-0005){ref-type="ref"}). Risk scores allow for the application of epidemiology in the clinic ([6](#acr211134-bib-0006){ref-type="ref"}) and include examples such as the Framingham Risk Score, Systematic Coronary Risk Evaluation, American Heart Association/American College of Cardiology Guidelines, and Fracture Risk Assessment Tool ([7](#acr211134-bib-0007){ref-type="ref"}, [8](#acr211134-bib-0008){ref-type="ref"}, [9](#acr211134-bib-0009){ref-type="ref"}, [10](#acr211134-bib-0010){ref-type="ref"}). To externally validate the risk score, we examined its performance using real‐world data from a large RA registry.

Patients and Methods {#acr211134-sec-0007}
====================

 {#acr211134-sec-0008}

### Study design and participants {#acr211134-sec-0009}

The current study used information derived from Corrona, a large registry based in North America ([11](#acr211134-bib-0011){ref-type="ref"}). All patients in the registry have signed informed consent for analyses of their treatment and outcomes data, and the Partners HealthCare human ethics board approved the current analyses.

The study population included patients with a clinical diagnosis of RA who initiated an NSAID during follow‐up. All oral NSAIDs, selective and nonselective, were included. NSAID use can be reported by either patients or providers. We required no use reported for at least two consecutive visits, followed by a report of selective or nonselective NSAID use. We did not censor patients after initiation of an NSAID because their risk would have been estimated at the outset.

We followed recommendations of the Transparent Reporting of a Multivariable Prediction Model for Individual Prognosis or Diagnosis (TRIPOD) study group regarding validation of risk scores, including cohort selection, model performance, and assessment of validation ([6](#acr211134-bib-0006){ref-type="ref"}).

### Outcomes {#acr211134-sec-0010}

As with the original analyses, the primary outcome for the current analyses was a composite of major toxicity among NSAID users. These outcomes were defined using available data from Corrona and included cardiovascular events, gastrointestinal bleeding, acute kidney injury, and death. These were defined using variables from the Corrona data set. Cardiovascular events were determined based on site confirmation of events reported on the Corrona case report form; they include myocardial infarction, stroke, transient ischemic attack, coronary revascularization, and hospitalization for unstable angina. Prior work has found a positive predictive value above 90% for these reports ([12](#acr211134-bib-0012){ref-type="ref"}). Gastrointestinal bleeds were also determined based on site confirmation of events reported on the Corrona case report form; they include gastroduodenal hemorrhage, gastric outlet obstruction, perforation of the gastroduodenum (small or large bowel), acute gastrointestinal hemorrhage of unknown origin, and symptomatic gastric or duodenal ulcer. Acute kidney injury was defined as a doubling of the serum creatinine level from the lowest measurement in the year prior to NSAID initiation to the highest measurement in the 2 years after initiation. Death is based on any report of death in the Corrona case report files, augmented by the National Death Index.

Although the original risk score focused on the first year after the start of NSAIDs, the current analyses examined both 1‐year follow‐up as well as 2‐year follow‐up. The 1‐year follow‐up is considered the primary analysis, with the 2‐year follow‐up as a sensitivity analysis. Patients were censored from the analysis at the first of any of the following: withdrawal from Corrona, end of follow‐up, or the first outcome.

### Potential risk factors {#acr211134-sec-0011}

All of the potential predictors of major NSAID toxicity that were originally considered had been assessed as potential risk factors in prior studies ([13](#acr211134-bib-0013){ref-type="ref"}, [14](#acr211134-bib-0014){ref-type="ref"}, [15](#acr211134-bib-0015){ref-type="ref"}, [16](#acr211134-bib-0016){ref-type="ref"}). The original analyses also focused on variables that could be easily assessed in clinical practice. We identified 10 risk factors for major NSAID toxicity in the original derivation and validation analyses, including age; male sex; history of cardiovascular disease, hypertension, and diabetes; tobacco use; statin use; elevated serum creatinine and hematocrit values; and RA ([5](#acr211134-bib-0005){ref-type="ref"}). Variables tested in the original analyses and not found significant include the following: aspirin use, glucocorticoid use, body mass index, history of hyperlipidemia, and disease‐modifying antirheumatic drug use. Because everyone in this study cohort had RA, it was not a relevant risk factor in the current analyses.

Variables were assessed at the visit when NSAIDs were initiated, except for variables not measured at every visit. Age and sex were assessed at the NSAID initiation visit. Chronic comorbid conditions, such as cardiovascular disease, hypertension, and diabetes, are updated in Corrona and thus were assessed during the period up until the start of NSAIDs. Tobacco use is collected at baseline, and this value was assumed constant. Concomitant statin use (as well as other medications) is updated at each visit. Serum creatinine and hematocrit were assessed at the closest visit to the NSAID initiation with these data (median time between laboratory assessment and NSAID initiation was 0 days).

### Statistical analyses {#acr211134-sec-0012}

After identifying the patients in Corrona who qualify for the current analyses, we identified their baseline characteristics. We then examined their follow‐up to identify any major toxicity outcomes, and the rate of major toxicity with 95% confidence intervals (CIs) was estimated. Models of risk were then calculated, and the predicted risk was compared to observed first toxicity event. Harrell\'s C‐index was used to assess model discrimination, observed risk curves versus predicted risk curves were assessed for the calibration intercept and slope, and the Akaike information criterion (AIC) and Bayesian information criterion (BIC) were examined as additional model fit statistics (lower values are better). As with the original derivation and internal validation, three categories of risk for major toxicity were defined as the following: low risk as less than 1%; intermediate risk as 1% to 4%; and high risk as more than 4%. Kaplan‐Meier event‐free survival curves were plotted for the three categories, and the risk of outcomes was compared using the log‐rank test (PROC LIFETEST in SAS \[SAS Institute, Inc.\]).

The first risk model assessed was the original risk score, calculated for each participant, from the PRECISION trial cohort ([5](#acr211134-bib-0005){ref-type="ref"}). Second, a multivariable Cox proportional hazards regression model was refit using the patient characteristics from the original risk score except for RA, which was not relevant because all patients in the Corrona cohort had RA. Only the first toxicity event was used in these analyses, with the timescale as the days since the start of NSAIDs (PROC PHREG in SAS). This model was assessed for the significance of each variable, model fit statistics, and estimation of 2‐year risk. Finally, we generated a parsimonious model, removing variables that were not significant in the Corrona data, and reassessed the model fit statistics.

All analyses were conducted using SAS version 9.4.

Results {#acr211134-sec-0013}
=======

We identified 5231 patients in Corrona with new NSAID use. The median age in the total cohort was 61 years (interquartile range \[IQR\] 53‐69), and 78% of patients were female (see Table ([1](#acr211134-tbl-0001){ref-type="table"}). Prior cardiovascular events were reported in 10.7% of patients, 53.7% of patients used drugs for gastrointestinal symptoms, and the baseline serum creatinine level was 0.80 mg/dl. Median follow‐up time was 12 months. Table ([2](#acr211134-tbl-0002){ref-type="table"} shows the incidence rates for the components and the composite of major toxicity. During 1 year of follow‐up, there were 79 events for an overall rate of major toxicity of 1.69 events per 100 person‐years (95% CI 1.36‐2.11); during 2 years of follow‐up, there were 2.11 events per 100 person‐years (95% CI 1.81‐2.46).

###### 

Patient characteristics from Corrona included in study cohort

  Characteristics                                                             Results
  --------------------------------------------------------------------------- ------------------
  N                                                                           5231
  Age, median (IQR), y                                                        61.0 (53.0‐69.0)
  Male sex, n (%)                                                             1150 (22.0)
  BMI,[^a^](#acr211134-note-0006){ref-type="fn"} median (IQR), kg/m^2^        28.9 (24.9‐33.7)
  Use of tobacco, n (%)                                                       539 (10.3)
  History of diabetes, n (%)                                                  439 (8.4)
  History of hypertension, n (%)                                              1670 (31.9)
  History of hyperlipidemia, n (%)                                            443 (8.5)
  Prior CV event, n (%)                                                       561 (10.7)
  Gastrointestinal drug use, n (%)                                            2809 (53.7)
  Serum creatinine, median (IQR), mg/dl                                       0.80 (0.70‐0.92)
  Hematocrit, median (IQR), %                                                 40.2 (37.8‐42.8)
  \<43%, n (%)                                                                3979 (76.1)
  Use of aspirin, n (%)                                                       953 (18.2)
  Use of lipid‐lowering drugs, n (%)                                          2078 (39.7)
  Use of glucocorticoids, n (%)                                               1039 (19.9)
  Use of DMARDs, n (%)                                                        4050 (77.4)
  Functional status,[^b^](#acr211134-note-0007){ref-type="fn"} median (IQR)   0.25 (0.00‐0.63)

Abbreviation: BMI, body mass index; CV, cardiovascular, DMARD, disease‐modifying antirheumatic drug; IQR, interquartile range.

Six patients were missing data for the modified health assessment questionnaire, but all missing data were imputed using PROC MI.

Eleven patients were missing BMI data, but weights were used to input BMI.

Functional status was measured with the modified health assessment questionnaire ([19](#acr211134-bib-0019){ref-type="ref"}), range 0 (no limitation) to 3 (unable to perform).

John Wiley & Sons, Ltd

###### 

One‐year outcome rates for major toxicity among NSAID users

  Outcomes Among NSAID Users (n = 5231)                       1‐y Follow‐Up   2‐y Follow‐Up                                   
  ----------------------------------------------------------- --------------- --------------- ------------------ ----- ------ ------------------
  Primary outcome[^b^](#acr211134-note-0010){ref-type="fn"}   79              4668            1.69 (1.36‐2.11)   160   7578   2.11 (1.81‐2.46)
  Cardiovascular events                                       33              4680            0.71 (0.50‐1.00)   57    7634   0.75 (0.58‐0.97)
  Gastrointestinal events                                     8               4685            0.17 (0.09‐0.34)   20    7654   0.26 (0.17‐0.40)
  Acute kidney injury                                         37              4678            0.79 (0.57‐1.09)   69    7621   0.91 (0.72‐1.15)
  Death                                                       1               4688            0.02 (0.00‐0.14)   15    7665   0.20 (0.12‐0.33)

Abbreviation: CI, confidence interval; NSAID, nonsteroidal anti‐inflammatory drug.

Rates are per 100 person‐years.

The primary outcome is a composite of major toxicities among NSAID users that includes four components: major adverse cardiovascular events, gastrointestinal events, acute kidney injury, and death.

John Wiley & Sons, Ltd

The original risk score, refit score, and parsimonious score are compared in Table ([3](#acr211134-tbl-0003){ref-type="table"}. Variables in the original risk score model with 95% CIs, which excluded one, included age, prior cardiovascular event, and serum creatinine. We also tested a more parsimonious model, removing the variables with 95% CIs that included one. As shown, all models show good fit, with a Harrell\'s C‐index of 0.70, an AIC of 1313, and a BIC of 1339. Also, the calibration slope for the original risk score (0.24) was lower than anticipated, but the calibration slope in the refit Corrona model (1.03) was excellent (Figure ([1](#acr211134-fig-0001){ref-type="fig"}).

###### 

Multivariable HRs from final multivariable‐adjusted models predicting primary outcome

                               Original Risk Score, HR (95% CI)                             Refit Model, HR (95% CI)                       Parsimonious Model, HR (95% CI)
  ---------------------------- ------------------------------------------------------------ ---------------------------------------------- ----------------------------------------------
  Risk Factor                                                                                                                              
  Age, per y                   1.03 (1.02‐1.04)                                             1.03 (1.00‐1.05)                               1.03 (1.00‐1.05)
  Male sex                     1.31 (1.07‐1.59)                                             1.54 (0.91‐2.61)                               1.61 (0.96‐2.72)
  Use of tobacco               1.44 (1.17‐1.77)                                             1.17 (0.56‐2.45)                               NA[^a^](#acr211134-note-0013){ref-type="fn"}
  History of diabetes          1.41 (1.20‐1.66)                                             0.96 (0.45‐2.06)                               NA[^a^](#acr211134-note-0013){ref-type="fn"}
  History of hypertension      1.25 (1.01‐1.56)                                             0.83 (0.51‐1.36)                               NA[^a^](#acr211134-note-0013){ref-type="fn"}
  Prior cardiovascular event   2.31 (1.95‐2.72)                                             1.90 (1.09‐3.33)                               1.83 (1.07‐3.15)
  Serum creatinine, mg/dl      2.99 (2.09‐4.28)                                             2.57 (1.00‐6.61)                               2.56 (1.02‐6.43)
  Hematocrit                                                                                                                                
  \<43%                        0.93 (0.90‐4.28)                                             0.97 (0.93‐1.01)                               0.97 (0.93‐1.02)
  ≥43%                         1.04 (1.00‐1.09)                                             0.89 (0.72‐1.09)                               0.89 (0.73‐1.09)
  Use of statins               1.20 (1.01‐1.43)                                             1.18 (0.73‐1.93)                               NA[^a^](#acr211134-note-0013){ref-type="fn"}
  MHAQ (≥0.6)                  NA[^a^](#acr211134-note-0013){ref-type="fn"}                 NA[^a^](#acr211134-note-0013){ref-type="fn"}   1.83 (1.17‐2.87)
  Model fit statistics                                                                                                                      
  Harrell\'s C‐Index           0.68 (0.45‐0.87)[^b^](#acr211134-note-0014){ref-type="fn"}   0.70 (0.48‐0.89)                               0.69 (0.46‐0.88)
  AIC                          NA[^c^](#acr211134-note-0015){ref-type="fn"}                 1313                                           1302
  BIC                          NA[^c^](#acr211134-note-0015){ref-type="fn"}                 1339                                           1318

Abbreviation: AIC, Akaike information criterion; BIC, Bayesian Information Criterion; CI, confidence interval; DMARD, disease‐modifying antirheumatic drug; HR, hazard ratio; MHAQ, modified health assessment questionnaire; NA, not applicable.

The variable was not included in the parsimonious model.

The variable was not included in the original risk score model.

Bootstrapped 95% CI.

Not calculated for the original risk score.

John Wiley & Sons, Ltd

![This figure describes the calibration of the predicted versus observed nonsteroidal anti‐inflammatory drug toxicity events over 1 year of follow‐up. **A**, The calibration slope using the original risk score weights (slope = 0.24). **B**, The calibration slope using the risk score weights derived in Corrona data (slope = 1.03).](ACR2-2-269-g001){#acr211134-fig-0001}

We used the models to estimate a risk score for major toxicity over 1 year. As we had done in the original derivation and validation exercise, we created three risk groups---low risk (less than 1%), intermediate risk (1%‐4%) and high risk (more than 4%)---based on the predicted 1‐year risk probabilities.

Using the original risk score weights, 442 patients (8.5%) had a predicted risk of less than 1%, 3430 (65.6%) had a predicted risk of 1% to 4%, and 1359 (26.0%) had a predicted risk of more than 4% (see Table ([4](#acr211134-tbl-0004){ref-type="table"}). With the refit Corrona model, 1363 patients (26.1%) had a predicted risk of less than 1%, 3571 (68.3%) had a predicted risk of 1% to 4%, and 297 (5.7%) had a predicted risk of more than 4%. The models also performed well over 2 years of follow‐up. The components of the composite major toxicity outcome demonstrated the expected trends between low, intermediate, and high risk (Table ([4](#acr211134-tbl-0004){ref-type="table"}). The Kaplan‐Meier survival curves for the three categories of risk over 1‐year separated early for both models (Figure ([2](#acr211134-fig-0002){ref-type="fig"}), with statistically significant log‐rank tests for both the original risk score weights and the Corrona risk score weights (*P* \< 0.001 for both log‐rank tests).

###### 

Risk of major toxicity among NSAID users and component outcomes by risk category

  Risk Category               n (%)         Major NSAID Toxicity, Rate per 100 Patients (95% CI)   Cardiovascular Event, Rate per 100 Patients (95% CI)   Gastrointestinal Bleed, Rate per 100 Patients (95% CI)   Acute Kidney Injury,[^a^](#acr211134-note-0017){ref-type="fn"} Rate per 100 Patients (95% CI)   Death,[^b^](#acr211134-note-0018){ref-type="fn"} Rate per 100 Patients (95% CI)
  --------------------------- ------------- ------------------------------------------------------ ------------------------------------------------------ -------------------------------------------------------- ----------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------
  1 y (original model)                                                                                                                                                                                                                                                                                             
  Low risk (\<1%)             442 (8.5)     0.75 (0.24‐2.33)                                       0.25 (0.04‐1.77)                                       0                                                        0.50 (0.13‐2.00)                                                                                0
  Intermediate risk (1%‐4%)   3430 (65.6)   1.24 (0.90‐1.70)                                       0.45 (0.27‐0.76)                                       0.16 (0.07‐0.38)                                         0.62 (0.40‐0.97)                                                                                0
  High risk (\>4%)            1359 (26.0)   3.19 (2.32‐4.38)                                       1.51 (0.95‐2.40)                                       0.25 (0.08‐0.78)                                         1.34 (0.82‐2.19)                                                                                0.08 (0.01‐0.57)
  1‐y follow‐up                                                                                                                                                                                                                                                                                                    
  Low risk (\<1%)             1363 (26.1)   0.73 (0.38‐1.40)                                       0.24 (0.08‐0.74)                                       0                                                        0.48 (0.22‐1.07)                                                                                0
  Intermediate risk (1%‐4%)   3571 (68.3)   1.83 (1.41‐2.37)                                       0.75 (0.50‐1.12)                                       0.22 (0.10‐0.46)                                         0.85 (0.58‐1.24)                                                                                0
  High risk (\>4%)            297 (5.7)     4.74 (2.69‐8.35)                                       2.36 (1.06‐5.25)                                       0.39 (0.05‐2.77)                                         1.57 (0.59‐4.18)                                                                                0.39 (0.05‐2.77)
  2‐y follow‐up                                                                                                                                                                                                                                                                                                    
  Low risk (\<1%)             1168 (22.3)   0.96 (0.60‐1.54)                                       0.11 (0.03‐0.44)                                       0                                                        0.79 (0.47‐1.33)                                                                                0.06 (0.01‐0.43)
  Intermediate risk (1%‐4%)   3814 (72.9)   2.20 (1.84‐2.63)                                       0.78 (0.58‐1.05)                                       0.32 (0.20‐0.51)                                         0.90 (0.68‐1.19)                                                                                0.18 (0.10‐0.33)
  High risk (\>4%)            249 (4.8)     7.21(4.75‐10.95)                                       3.89 (2.21‐6.85)                                       0.64 (0.16‐2.56)                                         1.61 (0.67‐3.87)                                                                                1.28 (0.48‐3.41)

Abbreviation: CI, confidence interval; NSAID, nonsteroidal anti‐inflammatory drug.

Acute kidney injury was defined as development of renal insufficiency or renal failure, including any of the following: serum creatinine level ≥ 2.0 mg/dl and an increase of ≥0.7 mg/dl from baseline, hospitalization for acute renal failure with a doubling of the baseline serum creatinine level or hyperkalemia with ≥50% elevation in the serum creatinine level, or initiation of dialysis.

Death includes all causes.

John Wiley & Sons, Ltd

![This Kaplan‐Meier survival curve illustrates the 1‐year event‐free survival of subjects in each of the three risk categories of the risk score for major toxicity among nonsteroidal anti‐inflammatory drug users. **A,** The original risk score weights are used to estimate the survival (log‐rank test; *P* \< 0.001). **B,** The weights from the Corrona population are used to estimate the survival (log‐rank test; *P* \< 0.001).](ACR2-2-269-g002){#acr211134-fig-0002}

Cox proportional hazard regression models showed similar results for the hazard ratios (HRs) generated from the original and the Corrona risk score weights. Using the low‐risk group (less than 1%) as the reference, the 1‐year model using the original risk score weights estimated the intermediate‐risk group (1%‐4%) with an HR of 1.67 (95% CI 0.57‐5.42) and the high‐risk group (more than 4%) with an of HR 4.38 (95% CI 1.35‐14.18). Using the Corrona risk score weights produced similar HRs: the intermediate‐risk group had an HR of 2.55, (95% CI 1.26‐5.15), and the high‐risk group had an HR of 6.75 (95% CI 2.84‐16.03).

Discussion {#acr211134-sec-0014}
==========

We tested the external validity of a risk score for major toxicity among NSAID users from the Corrona registry; this risk score had been previously derived and validated in the setting of an RCT ([5](#acr211134-bib-0005){ref-type="ref"}). We found that the original variables (excluding RA) performed well as a risk score in the real‐world registry cohort; the calibration and discrimination was very similar to the original RCT cohort. The low‐, intermediate‐, and high‐risk groups had significantly different risks for major toxicity. As with the original RCT cohort, most patients fell into the intermediate‐risk category. The current set of analyses also allowed us to examine a more parsimonious model, which also had good model fit statistics. Moreover, the risk score not only performed well over the 1‐year time horizon examined in the original derivation and validation exercise but also had good fit over 2 years of follow‐up.

Several aspects of the current analyses warrant discussion. First, the external validation in a real‐world cohort suggests that this risk score may have value in typical clinical settings. The use of selective and nonselective NSAIDs is widespread in clinical practice, and tools to risk stratify patients would help providers and patients make evidence‐based decisions. We developed a risk calculator for the original risk score (<http://www.verityresearch.org/major-toxicity-risk-score/>) that can be used in clinics as a decision support tool in the setting of an electronic medical record or as a stand‐alone calculator.

Second, risk models derived in epidemiologic studies take on increased clinical relevance when they are validated and transformed into risk scores ([17](#acr211134-bib-0017){ref-type="ref"}). Replication has become the standard for genetic and biomarker analyses, and epidemiologists need to consider a similar standard. Validating a model can take two general forms: internal validation within the same data set used for derivation and external validation in a distinct data set ([17](#acr211134-bib-0017){ref-type="ref"}, [18](#acr211134-bib-0018){ref-type="ref"}). In the current study, we have conducted both internal and external validation according to methodologic standards. As expected, the model performs slightly worse in the external validation using typical clinical data; however, it still performs well. More clinical scientists should consider validating models through replication.

Third, further studies with the risk score should be considered. Further external validation in an osteoarthritis cohort would be useful because the original cohort included primarily patients with osteoarthritis. Additionally, studies of optimal risk score implementation would inform best practices. Will clinicians use a computerized clinical decision support system integrated in an electronic medical record or would they rather have a stand‐alone calculator providing risk stratification? In addition, investigators in future NSAID trials focusing on improving safety may want to use the risk score to stratify patients for recruitment. Finally, clinicians and patients might find further stratification of intermediate‐risk patients helpful.

Several strengths of the current analyses should be highlighted. We followed rigorous validation methods using a real‐world clinical cohort. The real‐world cohort complements the prior work using an RCT population. The variables included in the risk score included variables relatively easily accessed in typical clinical records. The risk score results were robust across a second year and using the original regression weights. It is still to be determined which are the optimal weights for the risk score (original trial versus real‐world registry). An important limitation of the current analyses is the need to harmonize the data from the Corrona registry with the original variable definitions from the RCT. This would be the case for any application of an epidemiologic risk score within typical clinical practice. Some also might want to stratify the risk for different NSAIDs. In the original derivation of the score, there was no difference between nonselective NSAIDs (ibuprofen and naproxen) and the selective agent celecoxib. Moreover, this was impossible in the Corrona registry because of sample size. The death rate in Corrona may be lower than expected because of inadequate ascertainment. We examined a subset of our study population with linked data from the US Medicare program and found 14 deaths out of 782 subjects (1.7%) without follow‐up visits in Corrona beyond 1 year of follow‐up, suggesting some misclassification. We did not include a non‐NSAID control group in the original derivation or the current external validation analyses, so the risk of a toxicity outcome is among NSAID users only. Finally, the Corrona registry we used only included patients with RA, whereas NSAIDs are used broadly by patients with many painful conditions. We encourage further external validation in other non‐RA cohorts.

In conclusion, we have externally validated a previously derived risk score for major NSAID toxicity. When applied in clinical practice, this risk score should allow more personalized decision‐making for patients considering initiation of NSAIDs. NSAIDs represent one of the most common drugs used in rheumatology practice ([1](#acr211134-bib-0001){ref-type="ref"}). Thus, it is important for rheumatologists to consider how to prescribe them most safely; we provide here a validated risk score that may assist providers with this goal.
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